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(54) Method for reverse transcription 

(57) A method for preparing a cDNA from a mRNA 
using a reverse transcriptase wherein reverse transcrip- 
tion is performed at a temperature at which the mRNA 
does not take a secondary structure, for example, at a 
temperature of 45°C or more. The method is performed, 
for example, using a heaHabtle reverse transcriptase in 
the presence of a substance exhibiting chaperone func- 
tion having chaperone function such as saccharides. 
The method is performed, for example, in the presence 
of metal ions necessary for activation of the reverse 
transcriptase and a chelating agent for the metal ions 
such as a deoxynucleotide triphosphate. The method is 
capable of reverse transcription over the full length of 
mRNA template even rf the mRNA is a long chain 
mRNA and. as a result, producing a full length cONA. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Rett of the Invention 



w wersG transcription which can produce a fufl length cONA from a 
The present invention relates to a method for f ^f^23wing heat stability of RNA. 
mRNA. In addition, the present invention relates to a method lor improving 



io 2. Related Art 
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polymerase). A project emddatng «*»le human je™ ^T™*^ in Mn b, usino the mRNA strands 

tferaries. RT-PCR and the like. . ^ ^ e m RNAs as described above. 

Reverse transcription is utilized in order to <^ a ' n ™.^ e ~£ QNAs from mRNAs because the conventional 
However, conventional reverse trar^cr.pton can ™ta^dMHeng* CD ^ mRNAs . 

reverse transcription method ecu* not ^^^ e ^^^ a °the failure of complete reverse tanscription is 

According to the present inventor s ex ^ n ^^'^ a V y ^re like secondary structure of proton and 
caused as follows. That is. a long cha,n mRNA may forrr , ng tne secondary structure. As a result, 

the elongation by reverse transcriptase ,s stencaHy hndwj at the 

reverse transcription was not completed to the endofmHNA. ^ react|Qn te ended prema- 

That is. current techniques for reverse transc npM"^M ^echn.ca . e fr anscripfon over the 

turely because of a stable secondary s^ucture on 

whole transcription unit including rts 5 end ™^ an oligo dT „ a primer have only the 3' end 

is. most of doned cDNAs synthesized Uom ^l^'l^Z *. synthesis. Several attempts have been 
and do not have the full length ^^^f^f^T^e mRNAs are pre-treated at 70-C to unfold the 
made to overcome this problem. For example. jt ^^oposed ma^ ^ m p^^ s Wlth methytmercury 

secondary structure before the synthesis of the '.^fEliL^Kdta for increasing efficiency of the synthesis 
hydroxide instead of the heat treatment. Though ^SjSEESJ *Sn fuU .ength cONAs. In partial, they show 
of the f irst chain to some extent, they are not yet * ^several ^ v more, 

particular* tow efficiency tor the reverse I™***" - ^^^S^SL of reverse transcription of mRNA 
Therefore, the first object of the present .nvenbon « to^de ^ ^method p ^ * used as a template. 

the l.ke. it is for example a range of 45'C or ™ e ^^\"l ^t.t does not take the secondary structure 

in such a temperature range. mRNAs «n ^ mamtamed .n a cond^on m h ^ a tem perature 

and the synthesis of the first chain can be f^^^^^t, inactrvated depending on the kind 
range as mentioned above. (1) the reverse tran ^*^^^ is fragmented) when metal 

of the enzyme, and (2) stability of mRNA ^^^^S^ ions and a buffer agent such as Tris 
ions necessary for activation of reverse «* n ™* ta ***** S 
5 rTris(hydroxymemyl)aminomethane] are present '. method which is capable of reverse transcrip- 

Therefore. the second object of the P^" 1 ^?^^^!. used as a template by performing the 
tion of mRNA over the fuH length of the ^^^^^^ me secondary structure and. in addi- 
reverse transcription of mRNA at a temperature at at ° an ^ed temperature even when a heat- 

tion. which can prevent inactivate o( iht enzyme by ML Jjjjjj 
0 labile reverse transaiptase is used and. as a /^^^XcS is capable of reverse irarecnption of mRNA 
The third object of the present inventus .s to provrfe a rnethod whtfu ; capau ^ re verse transcription 

over the full length of mRNA even if a ^^.nmRNA «^^*tZ£r* and Tn addition, which can pro- 
of mRNA at a temperature at which the mRNA does ^ r ^^^ lranscriptase . 

vide a full length cON A with high reliability by usmg ^^^^J ^JJ ol rev erse t/anscription of mRNA 
S5 The fourth object of .he present invention * to *• ^erse tanscription 

over the full length of mRNA even rf a long chain mRNA .m used ^addition, which can ma.n- 

of mRNA at a temperature a, ^"^^^JZ^ZSZ, even when metal tons necessary tor acti- 
tain stability of mRNA and hence provide a full lengtncuiN«w i y 
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im . , . ,„„ anocA such as Tris is further present 

W vation of reverse transcriptase is present in part«cutar. when a buffer agent sucn a* 

,v „ u . . _ h _- t statiititv of mRNA even when metal 

object of the present irvention * to P^**^ agent such as Tris is further 

rv for activation of reverse transcrptase is present in particular, when a oum* ay 



simultaneously 

The fifth 
ions necessary 
present simultaneously 



10 



SUMMARY OF THE INVENTION 

As the first embodiment of the ^ ^en ti on. whichcan ^^^^IZ^^- 
there is prided a method tor preparing a cONA from a m « N ^^^^Sary structure, 
ton is performed at a temperature at which temperature ^J"™*^.™^ ^^5nd object of the present 

As me second embodiment of the present inventor, which ^ * 8 f ^ ript aie wherein reVerse 

invention, mere is provided a method for preparing a using a heaHaMe 

transcription is performed at a temperature at which the mRNA does not take aseconoary sir 
reverse transcriptase in the presence of a substance exhibiting 

of the present invention. 

As the third embodiment of the present invention, ^^^'^^^^^e wherein reverse transcrip- 

reverse transcriptase. ~-w.au* abcve fourth object of the present inven- 

As the fourth embodiment of the present inventus when can f^^J^™™^ herein reverse tran- 
tion. there is proved a method for preparing a cDNA ^^^'T^S^SSur. in the presence of 

SSa^^ 

further contains a chelating agent for the metal ions. nrpo _ rin _ from a mRNA using a reverse 

One of the preferred embodiments of the invention ,s a method for preparing a cunm om 

transaiptase wherein: 

substances exhibiting chaperone function and necessa rv for activation of the reverse tran- 

(3) the reverse transcription is performed in the presence of metal .ons necessary ror ac 

scriptase and a chelating agent for the metal ions. 
" Another preferred en*od,ment of the invents is a method for preparing a cONA from a mRNA usrng a reverse 
transcriptase wherein: 

. > ^ a , a temperature at which the mRNA does not take a secondary structure. 
(1) the reverse transcription is performed at a temperature ai wn « anc _ intase m presence of one or more 
2 the reverse transcription is performed using a heat-labile '"^^f**** * * 
substances exhibiting chaperone function and one or more polya rtvatjon of tne feverse tra n- 
(3) the reverse transcription is performed in the presence of metal .ons necessary for aefvat o 
scriptase and a chelating agent for the metal ions. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Fio 1 is a photograph showing the results of agarose gel electrophoresis obtained in Example 1 . 
Fig. 2 is a |£££h showing me results of agarose gel electrophores* obtained ,n Example 2. 

so DETAILED DESCRIPTION OF THE INVENTION 

The first errtxxfiment of the method tor preparing a CDN^ 

lh e present invention is characterized in ma. the reverse ^^J^^^^a secondary structure- 
does not take a secondary structure. The "temperature at wh*h •»^«"do« , 45-90'C. As me tern- 
55 means, for example, a temperature of 45'C or more^more pr^a ^^^Z^. but me activrty o, 



the range of 50-75°C 
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The chain length of the mRNA used for the method of the present invention is not particularly limited. However, it 
is considered unnecessary to use the present invention for a short chari mRNA which does not take a secondary struc- 
ture, whereas it is difficult to obtain reverse transcription producing a fufl length cONA as to a mRNA of 4 top or more, 
in particular. 7 top or more. Therefore, from this point of view, the method of the present invention is particularly useful 
for the reverse transcription of a mRNA of 4 top ore more, in particular. 7 top or more. However, a mRNA of less than 
4 kbp is not excluded from the objective of the present invention 

The second embodiment of the method for preparing a cONA from a mRNA using a reverse transcriptase accord- 
ing to the present invention is characterized in that it uses a heat-labile reverse transcriptase and the reverse transcrip- 
tion is performed in the presence of a substance exhibiting chaperone function. 

In the present invention, the heat-labile reverse transcriptase means a reverse transcriptase exhtoiting an optimum 
temperature of 45°C or lower. Examples of such a heat-labile reverse transcriptase include Superscript II, AMV reverse 
transcriptase. MuLV reverse transcriptase and the like, but it is not limited to these. 

A reverse transcriptase usually used at an ordinary temperature such as Superscript II exhixts a lower activity at a 
temperature of 45°C or more compared to the activity at the optimum temperature and exhibits substantially no activity 
at a temperature higher than a certain level. Further, if such a reverse transcriptase is maintained at a terrperature of 
50°C or higher for a certain period of time, it no longer exhibits the activity even though it is returned to room tempera- 
ture. 

In particular, when the chain length of mRNA is long, the reverse transcription is likely to prematurely terminate 
before a complete cDNA is synthesized because of inactivation of the enzyme by heat and hence full length transcrip- 
tion becomes difficult. Therefore, according to the present invention, a substance exhibiting chaperone function is 
added to the reverse transcription system so that the activity of the reverse transcriptase can be maintained even at an 
elevated temperature (it is posstfe to prevent reduction of the activity and inactivation by heat). 

Examples of the substance exhibiting chaperone function include saccharides, amino acids, polyalcohols and their 
derivatives, and chaperone proteins. However, the substance is not limited to these. The "chaperone function" means 
a function for renaturing proteins denatured by stress such as heat shock, or a function for preventing complete dena- 
turation of proteins by heat to maintain the native structure. 

Examples of the saccharide exhibiting the chaperone function include oligosaccharides and monosaccharides 
such as trehalose, maltose, glucose, sucrose, lactose, xylobiose. agarobiose. cellobiose. levanbiose. quitobiose. 2- p - 
glucuronosylglucuronic acid, allose. altrose. galactose, gulose. dose, marmose. talose, sorbitol, levufose. xylitol and 
arabitoT However, the saccharide is not limited to these. Those saccharides mentioned above can be used alone or in 
any combination thereof. Among these, trehalose, sorbitol, xylitol. levufose and arabitol exhtoit strong chaperone func- 
tion and marked effect for activating enzymes at an elevated temperature. 

Examples of the amino acids and derivatives thereof include r^-acetyl-p- lysine, alanine, raminobutyric acid, 
betain, N " -carbamoyl-L-glutamine 1-amide. choline, dimethylthetine, ecotine (l.4.5.6-tetrahydro-2-methyl-4-pirymi- 
dine carboxilic acid), glutamate. p-glutammine. glycine, octopine. proline, sarcosine. taurine and trymethylamine N- 
oxide (TMAO). However, the amino acids and derivatives thereof are not limited to these. Those amino acids mentioned 
above can be used atone or in any combination thereof. Among these, betain and sarcosine exhibit strong chaperone 
function and marked effect for activating enzymes at an elevated temperature. 

The substance exhibiting chaperone function include polyalcohols. The saccharides are included in polyalcohols 
and other examples of the polyalcohols include glycerol, ethylene glycol, polyethylene glycol and the like. Those poly- 
alcohols can be used alone or in any combination thereof. 

The substance exhibiting chaperone function include chaperone proteins. Examples of the chaperone proteins 
include chaperone proteins of Thermophiric bacteria and heat shock proteins such as HSP 90. HSP 70 and HSP 60. 
Those chaperone proteins can be used alone or in any combination thereof. 

These substances exhibiting chaperone function show different optimum concentrations for stabilizing the enzyme 
depending on the kind of the enzyme and the optimum concentration may vary among the substances for the same 
enzyme. Therefore, a concentration of particular substance to be added to a specific reaction system may be suitably 
decided depending on the kinds of the substance and the enzyme such as reverse transcriptase. 

To enhance the effect of the substances exhibiting chaperone function such as saccharides, amino acids or chap- 
erone proteins, one or more kinds of polyalcohols may be used in addition to one ore more kinds of the above sub- 
stances. Examples of the polyalcohol include glycerol, ethylene glycol, polyethylene glycol and the like. 

The third embodiment of the method for preparing a cONA from a mRNA using a reverse transcriptase according 
to the present invention is characterized in that it is carried out by using a heat-resistant reverse transcriptase. 

In the present invention, a heat-resistant reverse transcriptase refers to a reverse transcriptase having an optimum 
temperature of about 40°C or more. Examples of such a heat-resistant reverse transcriptase include Tth polymerase, 
but the heat-resistant reverse transcriptase is not limited to this. 

Tth polymerase shows an optimum temperature of 70°C and can catalyze the reverse transcription with a high 
activity m the above temperature range of 45*C or higher 
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^ The fourth embodiment of the method tor preparing a cONA from a ^/^^e^r^'of^S 



to the present invention is characterized « that, when me reverse ^ ions is used simuftaneousfy. 

ions necessary for activating the reverse transcnptase. a chelating „ a reverse transcriptase 

Enzymes may require meta. ions for their activation. For example. ^^ns oX*ag- 

5 .equ.res magnes.um ions tor its activa^Ho.ever. in a ^^^^^^Te it is difftoun to obtain 
r^mabon of mRNAs may proceed under the temperature condto ^ te actjvatior , However, also in 
fuU length cONAs. Ukewise. Tth polymerase requ.res mangane« mow, » ««JJ?™ achve ^ ^ ^ the tern- 
a bJSantaining manganese tons such as a Tris buffer. fragmertetion ^ ^SaT 

^Ze co nffon as mentioned above and hence it is difficult to t *^^^ rtt to mett! tons is added 

power. ■ , M , u „ 1 i-iu weak chelating power indude decorynudeotide triphosphates 

f5 Examples of such a chelating agent ^^^^^^^^rtably used in an approximately equrncfar 
(dNTPs). The chelating agent of co ^^^^^^ a s SJSSrtng agent for example, it b suitable 
amount of *e meta. ion. When a deoxynu^ to themeta. ion. Accordingly, the 

to add an approximately equimolar amount or ^^^J^t ^^ng power as to the objective 

a script acting to W !»««« * a me »" d «™' a • rt^ « <, ** 

(11 the reverse transcription is performed at a terrperatureat whWi the mRNAdoes nor tatt £ secordar, .Iructun,. 

(2) the reverse transcription is performed in tne presence ui u c 

- » "ASSESS " « >»— 01 — *» ~- ' te ac6va,ion 01 *" """" 

scriptase and a chelating agent for the metal wns. 

Por exarrp., the method is perfcxmed by u,ng Seperscrip, „ as the reverse transcrptase ,n a Tris buHer contain.ng 
35 deoxynucleotide triphosphates as the chelate agents and m ^ u ^ of RNAs in a solution 

The fifth embodiment of the present invention wh.ch ,s a method for '^JLaaaent forthe metal ions, 
containing meta. ions is characterized in that the «J*'^ containing meta. ions 

As mentioned above, enzymes may requre metal .ons for the tempe rature. In the fifth embodi- 
such as magnesium ions, fragmentation of *^£»9 RNAs for urprove- 

40 ment of the present invention, a chelating agent for the metal .ons s added to sauuon 

ment of heat stability. ^-^-n^tatmn of mRNAs can be prevented and 

A chelating agent for meta. tons is added to the ^J^^J^^^Smi. However, if * of the 

(dNTPs^The chelating agent of comparatively ^ **** P°T * ^LlSagentSexarrple. it is suitable 
amount of the metal ion. When a deoxynucleotide triphosphate « M *J^*^£Z£ W 
foTdd an approximately equimolar amount of ^^2*^^ the cheating power 
Accordingly, the amount of the chelating agent can ^J^^f^^^a and the fragmentation of 
as to the objective metal ton. so that the reverse 3TP ^TP^dTTP may be used atone or in 

mRNAs can be prevented. The deoxynucleotide * used together. Since 

any combination thereof. All of the four k,nds of dNTPs. dATP. J?-*^^ J^Dgrfh*. 
these can serve also as substrates of the reverse transcnption. all of ^ em ™\*^ y "T^,, 
55 Th^sTtion cont ai ning RNAs can further conta,n one or ™P*^^« even though the an 

According to the fifth embodiment of the present .nvenfon. heat ^l.tyo^NAs,s jQOS and/0f 

RNA containing solution fur.ther contains metal .ons ^ *J^Ttoe**S**^™*<* 
,r 1 s(hydroxvmeth y .)am,nomethane In addihon. the above .mprovement .s obta.nable. tor examp. 



40-100'C. preferably 45-90'C. 
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EXAMPLES 

The present invention will be further explained in detail with reference to the following examples. 
Example 1 

Stability of mRNA in metal ion-corrtainino buffer optionally containing dNTP 

To examine stability of RNAs in a buffer (50 mM Tris, pH 8.3. 3 mM MgCy containing several additives, total River 
RNAs were incubated in various buffer solutions of the compositions listed below. 



Table 1 



Lane 




1 


50 mM Tris. pH 8.3. 3 mM MgCI 2 . 15% (vA/) glycerol 


2 


50 mM Tris. pH 8.3. 3 mM MgCI 2 


3 


50 mM Tris. pH 8.3. 3 mM MgCI 2 . 2 mM dNTP 


4 


50 mM Tris. pH 8.3. 3 mM MgCI 2 . 3 mM dNTP 


5 


50 mM Tris, pH 8.3. 3 mM MgCI 2 . 4 mM dNTP 


6 


50 mM Tris. pH 8.3. 3 mM MgCI 2 . 3 mM dNTP, 1 5% glycerol 


7 


Sterilized water 



To visualize fragmentation of RNAs after the incubation, the samples were subjected to agarose gel electrophore- 
sis as described by Sambrook (Molecular Cloning. The second edition pp. 7.43-7.45). The gel was stained with ethid- 
ium bromide and the degree of the RNA fragmentation was evaluated by comparing relative band intensities of rRNA. 
The results of the agarose gel electrophoresis are shown in Rg. 1 (Lanes 1-7). 

As shown in Lane i. the RNAs were not sufficiently protected from the fragmentation by glycerol in the presence 
of magnesium ion (free Mg 2 *) of high concentration, i.e.. when incubated in 50 mM Tris. pH 8.3. 3 mM MgCI 2 . 15% (v/v) 
glycerol. In fact, the degree of the fragmentation was similar to that obtained in 50 mM Tris. pH 8.3. 3 mM MgCI 2 in the 
absence of glycerol (Lane 2). 

As shown in Lane 3. the fragmentation of RNA was not prevented yet by treatment with 50 mM Tris, pH 8.3. 3 mM 
MgCl 2 . 2 mM dNTP 

On the other hand, the fragmentation of RNA was partially prevented in the condition of 50 mM Tris. pH 8 3. 3 mM 
MgCI 2 . 3 mM dNTP (same molar concentrations of Mg 2 * and NTP) as shown in Lane 4. 

Further, as shown in Lane 5. in 50 mM Tris, pH 8.3. 3 mM MgC^. 4 mM dNTP. i.e.. in a condition that the concen- 
tration of NTP was higher than that of Mg 2 * by 1 mM, the RNAs were very stable. However, it was also found that the 
activity of the reverse transcriptase is reduced under this condition. 

So. 1 5% glycerol was added to 50 mM Tris, pH 8.3. 3 mM MgCfe, 3 mM dNTP (same molar concentrations of NTP 
and Mg 2 *) and the RNAs did not undergo fragmentation under this condition as shown in Lane 6. It was also found in 
a separate experiment that the activity of reverse transcriptase was completely maintained under this condition. 

Under the condition of Lane 6. stability of the RNAs was almost similar to that obtained in Lane 7. i.e., in sterilized 
water. 

Example 2 

Improvement of reverse transcription efficiency bv making reverse transcripta se heat-resistant 

To examine reverse transcription activity under the novel condition of Lane 6. cDNAs were synthesized using RNAs 
as template. The RNAs were transcrbed in vitro by T7 RNA polymerase as mentioned below. The RNAs were prepared 
by transcrtoing pBluescript II SK. which had been cleaved into a linear form with a restriction enzyme A/o/l. in vitro with 
T7 RNA polymerase. This reaction was initiated from T7 promoter described in the instruction of pBluescript II SK. 

The resulting products were evaluated. By using RNAs as a template transcribed m vitro and evaluating the prod- 
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ucts by electrophoresis, reverse transcription efficiencies of the samples can be compared wifh one another and 
thereby non-specific transection termination which leads to premature termination of reverse transcription and/or 
reduction of reaction efficiency can be evaluated. 

As a control, the following standard buffer concWon was used: 50 mM Tris-HCI. pH 8.3. 75 mM KCl. 3 mM MgOj. 
10 mM drtoothrertol. 0.75 mM each of dNTPs (dATP. dGTP. dCTP and dTTP). 

In the above standard buffer condition. 1 »g of template RNA. 400 ng of primer (20mer SK pnmer. CGCTCTA- 
GAACTAGTGGATC) and 200 units of Superscript II were prepared and the final volume was adjusted to 20|il. 0.2 pi of 
[a- 32 P]dGTP ^ ltsvi for labeling of reverse tjarecnptkxi products. The RNA and the primer were incubated at 65»C 
before the other substrates were added. Then, the reaction was performed at 42*C for 1 hour. The reaction products 
were subjected to denaturing agarose electrophoresis and electrophoretic patterns were examined by autoraalography 
to evaluate recoveries of fufl length cDNAs and rates of short products obtained from incomplete elongation. The results 

are shown in Lane 1 of Fig. 2. _ , 

The reverse t/anscriptase Superscript II was inactivated at a temperature of 50*C in the above standard buffer con- 

The foBowing buffer condition for reverse transcription was used to verify that addition of oligosaccharide stabilizes 
the enzyme reaction: SO mM Tris-HCI. pH 8.3. 75 mM KCl. 3 mM MgC»2. 10 mM drtoothrertol. each 0.75 mM of dNTPs 
(dATP. dGTP. dCTP. dTTP). 20% (w/v) trehalose and 20% (v/V) glycerol. 

1 uo of template RNA. 400 ng of primer (20mer SK primer) and 200 units of Superscript II were reacted in 24 til of 
aqueous solution under the above buffer condition. 0.2 nl of (a- 32 PJdGTP was used for labeling of reverse transcription 
products Under this condition, the reverse transcriptase Superscript II exhibited higher activity than the control reaction 
at a normal temperature (42'C). The primer and the template RNAs were annealed at 37*C for 2 minutes and the 

enzyme activity was measured at 60°C. . . . 

The reaction products were subjected to denatured agarose electrophoresis as described above, and electro- 
phoretic patterns were examined by autoradiography to evaluate recoveries of full length cDNAs and rates of short 
products obtained from incomplete elongation. The results are shown in Fig. 2. 

As shown in Lane 1 . products resulted from premature termination of reverse transcription at specific sites or non- 
specific termination of reverse transcription were seen under the standard buffer condHion at 42»C. 

As shown in Lane 2. at 42* C as in Lane 1 . such products resulted from premature termination as mentioned above 
were also observed even though 20% trehalose and 20% glycerol were added. 

As shown in Lane 3. when the temperature was raised to 60 *C . the amount of products obtained from prematurely 
terminated synthesis became very small and full length products were synthesized. 

As shown in Lane 5 when 0. 1 25 |ig/>l of BSA was added to the condition of Lane 3. the enzyme activity was further 
stabilized. However. BSA alone without 20% trehalose and 20% glycerol did not make the enzyme sufficiently heat- 
resistant ^. . . _ ... 

As shown in Lane 4 when 0.05% of Triton X100 was added to the condition of Lane 3. the amount of incomplete 
reverse transcription products was further reduced. However, the whole activity of the reverse transcriptase was slightly 
reduced 

When the reaction was performed under the same condition as Lane 3 except that glucose or maltose was used 
instead of trehalose, the electrophoretic pattern showed again that the amount of products obtained from prematurely 
terminated synthesis became very small and full length products were synthesized. 

Synthesis of cDNA from mRNA template 

From the findings in the above Examples 1 and 2. it became clear that cDNAs could be synthesized with high effi- 
ciency starting from mRNAs by using the buffer condition of 50 mM Tris-HCI. pH 8.3. 75 mM KCl. 3 mM MgOj. 10 mM 
drthiothrertol. 0.75 mM each of dNTPs. 20% (w/v) trehalose and 20% (v/v) glycerol. The reaction conditions were as fol- 
lows: 1 jig of template RNA. 400 ng of oligo-dT(l2-18) primer and 200 units of Superscript II were reacted in a volume 
of 24 »l in the presence of [a -^PJdGTP. the primer and the template RNAs were annealed at 37-C for 2 minutes and 
the enzyme activity was measured at 60*C. 

The obtained first strand cDNA chains are used in tang RT-PCR or in construction of fufl length cDNA libranes. 

Example 3 

Reaction was performed under the same condition as Lane 3 of Example 2 except that arabitoi; sorbitol. lev^ose. 
xylKol or betain was used instead of trehalose. The electrophoretic pattern showed again that the amount of products 
obtained from prematurely terminated synthesis became very small and full length products were synthesized as »i 
Lane 3 of Example 1 . 
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Claims ^ 

1. A method tor preparing a cONA from a mRNA using a reverse transcnptase wherein reverse transcription is per- 
formed at a temperature at which the mRNA do not take a secondary structure. 

2. The method of claim 1 wherein the reverse transcription is performed at a temperature of 45 # C or more. 

3. The method of claim 2. wherein the reverse transcription is performed at a temperature of 45-90*C 

4. The method of any one of claims 1 to 3. wherein the reverse transaction is performed by using a heat-labile 
reverse transcriptase in the presence of a substance exhibiting chaperone function. 

5. The method of claim 4, wherein the substance exhibiting chaperone function is one or more substances selected 
from the group consisting of saccharides, polyalcohols. amino acids and their derivatives, and chaperone proteins. 

6. The method of claim 5. wherein the saccharide is one or more saccharides selected from the group consisting of 
trehalose, maltose, glucose, sucrose, lactose, xyfobiose. agarobiose. cellobiose. levanbiose, quitobiose. 2- p - giu- 
curonosylgfucuronic acid, allose. attrose. galactose, gulose. idose. mannose. talose. sorbitol, levulose. xyfitol and 
arabrtol. 

7. The method of claim 5. wherein the saccharide is trehalose, sorbitol, levulose. xyfitol or arabitol. 

8. The method of claim 5. wherein the amino add or derivative thereof is one or more members selected from the 
group consisting of N*-acetyf-p- lysine, alanine, y-aminobutyric acid, betain, N " -carbamoyl-L-glutamine 1 -amide, 
choline, dimethylthetine. ecotine. glutamate. p-glutammine. glycine, octopine, proline, sarcosine. taurine and 
trymethylamine N -oxide. 

9. The method of claim 8. wherein the amino acid or derivative thereof is betain or sarcosine. 

10. The method of claim 5. wherein the chaperone protein is selected from those of Thermophiric bacteria and heat 
shock proteins. 

11. The method of any one of claims 4 to 10. wherein the reverse transcription is performed in the presence of one or 
more substances exhibiting chaperone function and one or more polyalcohols. 

12. The method of any one of claims 1 to 3. wherein the reverse transcription is performed by using a heat-resistant 
reverse transcriptase. 

13. The method of claim 12. wherein the heat-resistant reverse transcriptase is Tth polymerase. 

14. The method of anyone of claims 1 to 13. wherein the reverse transcription is performed in the presence of metal 
ions necessary for activation of the reverse transcriptase and a chelating agent for the metal ions. 

15. The method of claim 14. wherein the metal ions are magnesium ions or manganese ions. 

16. The method of any one of claims 13 to 15. wherein the chelating agent is one or more of deoxynudeotide triphos- 
phates. 

17. A method for improving heat stability of RNAs in a solution containing metal ions wherein the solution further con- 
tains a chelating agent for the metal ions. 

18. The method of claim 1 7. wherein the chelating agent is one or more of deoxynudeotide triphosphates. 

19. The method of claim 1 7 or 18. wherein the metal ions are magnesium ions or manganese ions. 

20. The method of any one of claims 1 7 to 19. wherein the heat stability is improved at a temperature of 40-100°C. 

21. The method of any one of claims 1 7 to 20. wherein the solution further contains one or more polyalcohols. 
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22. The method of claims 2 1 . wherein the polyalcohol is glycerol. 
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Fig. 1 



1 2 3 4 5 6 7 




1) RT buffer, glycerol (15X) 

2) RT buffer. 

3) RT buffer. 2 mM dNTP's 

4) RT buffer. 3 mM dNTP's 

5) RT buffer. 4 mM dNTP's 

6) RT buffer. 3 mM dNTP's. glycerol (15X) 

7) Control : dd H ? 0. 



RT buffer: 3 mM MgCI, 50 mM Tns. pH 8.3. 75 mM KCI. 10 mM DTT. 
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X ^Lambda HinDIII marker 

1) Standard "optimized" buffer condition: Reaction temperature 42°C 

2) Buffer containing trehalose (20%) and glycerol (20%) : 
Reaction temperature 42°C 

3) Buffer containing trehalose (2096) and glycerol (209$) : 
Reaction temperature 60°C 

4) Buffer containing trehalose (20%). glycerol (20X) and Triton 
X-100 (0. 0596) : Reaction temperature 60°C 

5) Buffer containing trehalose (2096). glycerol (2096) and BSA 
(125 ng/pl): Reaction temperature 60°C 

Superscript II is inactivated at a temperature of 50°C or more under 
the standard buffer condition (not shown). 



